Abstract: Zoos and aquariums are increasingly incorporating conservation education into their mission statements and visitor experiences to address global biodiversity loss. To advance knowledge and practice in the field, research is being conducted to evaluate the effect of zoo conservation-education experiences on visitor psychosocial outcomes (e.g., knowledge, attitude, emotions, motivations, behavior
externos, de construcción y estructurales de la validez de las conclusiones en los artículos. Se determinó la calidad metodológica de los métodos cuantitativos y la práctica de reportes usando la Herramienta de Evaluación de Calidad de Proyectos de Práctica de la Salud Pública. Cada estudio estuvo codificado como fuerte (sin clasificaciones débiles), moderado (una clasificación débil) o débil (dos o más clasificaciones débiles). Los métodos cuantitativos del

Introduction
Rates of global biodiversity loss continue to accelerate (Urban 2015) . With their diverse and plentiful visitorship, there is increasing recognition of the potential role of zoos and aquariums (hereafter "zoos") in the conservation of global biodiversity (Funk et al. 2017) . Such conservation goals may be achieved by educating the community about conservation issues and promoting sustainable behaviors (e.g., Gusset & Dick 2010) and by contributing to conservation objectives outlined in global strategic plans (Moss et al. 2015) . For example, the Aichi Target 1 of Strategic Goal A in the Convention on Biological Diversity states that "by 2020, at the latest, people are aware of the values of biodiversity and the steps they can take to conserve and use it sustainably" (Convention on Biological Diversity [CBD] 2010) .
Against the backdrop of increasing biodiversity loss, over time the goal of zoos has changed markedly. Places where entertainment and specimen collections were the focus now prioritize education and conservation, as highlighted in zoo mission statements (Patrick et al. 2007 ) and by zoo-accreditation bodies (Moss & Esson 2013) . Zoo education has evolved too, such that methods for delivering information and the nature of messaging have shifted over time. Earlier methods for delivering content typically encompassed static signage, but today methods often include interactive digital displays and animal-keeper presentations. Similarly, although earlier messaging often focused on basic animal facts (e.g., species name, habitat, social grouping), zoos now incorporate information about conservation threats and what people can do to help conserve species.
Zoo conservation education can be viewed as a type of environmental education-a process defined as one that provides the opportunity to learn about environmental issues and encourages participation in proenvironmental action (U.S. Environmental Protection Agency 2017). In the context of this review, zoo conservation education differs from other forms of zoo-based education, which are limited to interesting facts about species, in that it focuses on enhancing visitors' abilities to act on behalf of a species. In recent years, messaging has been developed using frameworks such as the connect-understand-act (CUA) principle (Zoos Victoria 2010) , which draws on educational and behavioral theories, including the theory of planned behavior (TPB) (Ajzen 1991) , and communitybased social marketing (Mckenzie-Mohr 2000) . Based on these approaches, conservation messaging is typically delivered in the form of a campaign that asks visitors to engage in a specific, predetermined behavior linked to a conservation issue. For example, Don't Palm Us Off (https://www.zoo.org.au/get-involved/act-for-wildlife/ dont-palm-us-off?gclid=EAIaIQobChMIt7yv9duJ3AIVmI RwCh0TOQnYEAAYASAAEgI5fvD_BwE) invited visitors to reconsider purchasing products that contain unsustainably sourced palm oil. To measure and enhance the capacity of these programs to influence behavioral intentions or behavior change among zoo visitors (and associated psychosocial outcomes, including knowledge, attitudes, motivations, emotions), it is critically important to evaluate their conservation effect.
The field of inquiry focused on the design and evaluation of zoo educational experiences is still in its infancy. Program outcome evaluations can determine whether and to what extent an initiative is achieving desired outcomes (i.e., in the context of zoos, increasing awareness about a conservation issue and inspiring behavioral intentions and behavioral change). Collecting information about the impact of particular educational components (e.g., keeper presentation, signage) can help pinpoint efforts that aid or hinder desired program outcomes (e.g., Patton 1987) . Increasing recognition among zoo professionals that program evaluations can help align educational and organizational goals and inform future practice (Heimlich 2010 ) has led to efforts to assess the effects of zoo experiences on relevant conservation outcomes. An effective evaluation is tailored to the specific program and builds on existing evaluation knowledge and resources. It is inclusive, such that it involves multiple viewpoints (e.g., from multiple staff), honest, replicable, and applies methods that are as rigorous as circumstances allow (My Environmental Education Evaluation Resource Assistant [MEERA] 2017).
Of existing zoo conservation-education program evaluations, outcomes typically focus on the immediate or short-term effects of zoo experiences on knowledge, attitudes, and behavioral intentions (Khalil & Ardoin 2011) . From the handful of studies on lasting impacts, it is unclear whether or when zoo education experiences contribute to sustained behavior change. For example, commitment to conservation returned to baseline 6 to 8 weeks postvisit (e.g., Adelman et al. 2000) , whereas others report successful postvisit behavioral uptake (MacDonald 2015) . Theoretical and conceptual frameworks, such as the TPB (Ajzen 1991) and those of conservation psychology (Saunders 2003) , widely recognize that knowledge, attitudes, and behavioral intentions affect (or have the potential to affect) behavior. For example, cognitive (i.e., procedural and declarative forms of knowledge), affective (e.g., attitudes) factors, and social norms directly or indirectly influence behavioral intentions, which is a precursor to behavioral action. Although such research provides an important foundation for exploring the conservation impacts of zoo experiences, notwithstanding the unique logistical and practical challenges of zoo field work, there remains a great need for zoos to conduct or commission evaluations of their programs; for zoos to disseminate the findings of such evaluations to enhance collective wisdom; and for the quality of such evaluative processes to be strengthened.
To enhance zoo conservation-education approaches, it is important to understand the strength of research that evaluates their efficacy. Such an understanding cannot be gained without first forming a nuanced picture of the methods and reporting practices that comprise research on this topic. A range of logistical and methodological challenges likely undermines research outcomes. For example, effect sizes for conservation learning are likely minimal due to the limited time visitors focus their attention on conservation messages (Ballantyne et al. 2007 ). Measuring behavioral intentions on site is problematic because intentions can be short-lived (Dierking et al. 2004) . Overreliance on self-reported data (Jensen 2014) and the use of retrospective items to collect information on previsit attitudes and behaviors (Wyles et al. 2013) has been discussed further as undermining the accuracy of evaluation data. Together, these limitations impede understanding of which educational strategies are most effective and hinder zoos' abilities to contribute to biodiversity conservation.
Evaluating zoo conservation activities is an important and emerging body of work that, given its complex realworld setting, has multiple unique challenges. Because this research area continues to expand, it is timely to review progress to date and to offer guidance for future evaluations. Thus, we reviewed published empirical studies investigating the effectiveness of zoo conservation education and identified the range and magnitude of methodological and reporting limitations. Specifically, we considered changes that can be made to strengthen the methods and reporting practices of research exploring evaluation of zoo conservation education. We sought to quantify study reliability and validity and report limitations of zoo conservation-education research.
Methods
Search Strategy
In June 2016 with the help of an academic librarian, we searched the ProQuest, PsycINFO, Scopus, and Web of Science databases for terms associated with 3 key concepts-zoo or aquarium visitors, conservation, and psychosocial outcomes-and for 3 corresponding groups of search terms with relevant proximity operators: "visitor * " and "zoo * " or "aquarium * "; "threaten * " or "endanger * " or "conservation"; "animal * " or "wildlife" or "species" or "biodiversity," respectively.
Full-text (i.e., entire journal article available), Englishlanguage, empirical studies published in peer-reviewed journals (representing generally higher-quality evaluations) from May 1998 to June 2016 were included. At least 1 conservation-related psychosocial outcome (e.g., conservation-related knowledge, conservation-focused attitudes, conservation-related behaviors or behavioral intentions) within a population of general, adult zoo visitors on a general-admission visit had to have been assessed (Table 1 ). An outcome was classified as conservation related if it was likely to directly enhance a visitor's ability to act on behalf of a species (e.g., conservationrelated knowledge might include knowledge about a species conservation status or the effects humans have on species' habitats). Affective measures were categorized as conservation focused (not conservation related) in recognition that affective measures may directly or indirectly influence visitor ability to act on behalf of a species. An example of an outcome we classified as not directly related to conservation is visitor learning about animal biology. We selected 1998 as the cut-off year because Broad and Weiler (1998) were among the earliest researchers to directly evaluate the conservation-education outcomes of a zoo exhibit and because their article was published at the time conservation psychology was emerging in the early 2000s (Saunders 2003) .
There was a range of exclusion criteria (Table 1) . Given the ethical complexity of captive wildlife-tourism experiences (i.e., wildlife conservation and public education vs. animal welfare and public entertainment trade-offs), if articles included different types of wildlife tourism experiences in captive and noncaptive settings (e.g., Moscardo 2007; Ballantyne et al. 2011a; Ballantyne et al. 2011b ), we extracted data representing the conservation effects at the captive site or sites only. Because we were interested in quantifying the conservation effect of generaladmission visits-the most frequent type of zoo visit with the largest reach to inspire conservation actionstudies with exclusive sample demographics (e.g., children only) or those that evaluated experiences available for additional fees (e.g., behind-the-scenes tours) were not included.
The study-selection process ( Fig. 1 ) began with citations being downloaded to EndNote. Titles and abstracts were screened in duplicate (by S.M. and J.R.) for eligibility. Full texts of remaining articles were examined as were reference lists of included studies (Fig. 1 ).
Analyses
Data extraction and coding were completed by S.M. and J.R. For each article in the final sample, data were extracted in duplicate under blinded conditions by both coders and included study characteristics and problems with the study's construct, external, internal, and statistical-conclusion validity. The coders also rated overall methodological quality for each study, again under blinded conditions. The features of studies included in the analysis were guided by the variables coded in 2 previous methodological reviews (Casper et al. 2007; Neall & Tuckey 2014) . The coders independently coded their responses to all article features (see Results for inter-rater agreement).
Construct validity refers to the extent to which a test measures what it was intended to measure (Cronbach & Meehl 1955) . Variables related to construct validity were data-collection methods and measurement instruments (e.g., questionnaire, interview, observation, multimedia), which were exhaustively coded. Internal validity is the extent to which causal inferences can be concluded from the data (Cozby 2007) other factors. Elements of internal validity included time horizon (exclusively coded, number of times specified) and level of control (exclusively coded as randomized controlled trial, controlled comparison, cohort analytic, interrupted time series, cohort, one group cross-sectional survey). External validity describes the extent to which findings apply to other populations and settings (Cozby 2007) , in our case, whether another zoo is likely to produce similar results. Variables related to external validity were setting (exclusively coded as zoo-only, aquariumonly, or multiple sites or not specified); sample country of origin (exhaustively coded); and response rate (coded as reported or not reported). Statistical conclusion validity defines the level of accuracy with which conclusions about the relationship between 2 variables can be inferred (Cook & Campbell 1979) . Indicators of statistical conclusion validity we coded for were data-analysis techniques (exhaustively coded); reporting of effect sizes (coded as reported or not reported); data triangulation (coded as reported or not reported); and testing of measures (coded as reported or not reported).
Quality of Qualitative Methods
There is growing recognition that mixed-methods designs are better able to answer research questions than monomethod designs (Johnson & Onwuegbuzie 2004) . Qualitative methods allow researchers to examine issues in greater depth, which can reveal complexities about problems that may be missed in quantitative analyses. However, data quality is largely influenced by the skills of the researcher, and analysis can be time consuming, such that rigor in qualitative research is often more difficult to maintain and assess (Anderson 2010 ). For our exploration of qualitative methods, we adopted relevant items from an existing set of criteria used to provide guidance for authors and reviewers to prepare and review qualitative research papers (Anderson 2010) . For each study, we determined whether qualitative methods were explicitly stated; methods for recording data were described (e.g., audio or visual recording, written); procedures for transcribing data were described (where applicable, e.g., interviews); examples of methods were included (e.g., interview guides); methods for analyzing data were described (e.g., thematic analysis, content analysis); methods for verifying data were described (e.g., inter-rater reliability); and qualitative data were examined through quantitative analysis (i.e., frequency of responses used in statistical models as opposed to exploring depth or nature of detail in response).
Quality of Quantitative Methods
We used the Effective Public Health Practice Project Quality Assessment Tool (EPHPPQAT) (NCCMT 2008) to rate overall methodological quality of quantitative items. Based on the evaluation of 6 aspects of design and methodology, each study was coded as either strong (no weak ratings), moderate (1 weak rating), or weak (ࣙ2 weak ratings). The coding guide for this resource is available from http://www.ephpp.ca/PDF/Quality% 20Assessment%20Tool_2010_2.pdf (accessed June 2016). Each quality-scoring component and paired coding description (as per the Tool dictionary), with application examples, is in Supporting Information. In the absence of a tool that specifically evaluates the study methods of conservation-education interventions, we selected EPHPPQAT. This tool underwent validity appraisal (yielding accepted standards for content validity, construct validity, and inter-rater reliability) (Thomas et al. 2004) experts appraising study quality (NCCMT 2008) . The tool has been applied in the fields of psychology and environmental behavior change (e.g., Fraser & Lock 2011; Randal et al. 2015) . It examines selection bias (sample representativeness of the target population, response rate); study design (type of design, use and method of randomization); confounders (identification and control of potential differences between groups prior to the intervention); blinding (assessor awareness of participant intervention status, participant awareness of the research question); data-collection methods (validity and reliability of data collection tools); and withdrawals and dropouts (reporting of withdrawals and dropouts in terms of numbers or reasons, percentage of participants completing the study).
Results
Forty-seven journal articles (Supporting Information) measuring the conservation effect of zoos were reviewed. They encompassed 48 studies and 53 interventions. Studies were published in journals across several disciplines, including tourism and visitor studies (e.g., Journal of
, and conservation (e.g., Biodiversity Conservation [n = 1], Conservation Biology [n = 1]). Almost one-quarter (20.8%, n = 10) of the studies were published in Zoo Biology. There was high inter-rater point-by-point agreement (range 88.9-100%) across all study features coded. For methodological-quality scoring (with EPH-PPQAT), coding was initially completed independently and resulted in a mean inter-rater reliability score of 0.62. All discrepancies were discussed until 100% agreement was reached, which we used as the final coding in our analyses.
Study Characteristics
The most frequently evaluated intervention or experience was an entire site or overall visit (24.5%, n = 13), followed by a presentation or keeper talk (17.0%, n = 9). Seven studies (13.2%) did not specify or describe the type of intervention material that was being evaluated ( Table 2 ). Five of the 9 studies (55.6%) that evaluated a presentation or keeper talk further reported that the experience was standardized (e.g., used scripts). Conservation-related behavioral outcomes were assessed by just under half of the eligible studies (47.9%, n = 23), whereas conservation-related cognitive measures and conservation-focused affective measures were assessed by 79.2% (n = 38) and 72.9% (n = 35) of articles, respectively (see Supporting Information).
Methodological Validity
Just over three-quarters (77.1%, n = 37) of the included studies used surveys or questionnaires to collect data; 29.2% (n = 14) collected data with interviews (Table 3) . In most studies data were collected at only 1 point in time (54.2%, n = 26) (e.g., when a visitor exited the zoo). The most commonly used levels of control were single-group cross-sectional surveys (39.6%, n = 19) (e.g., surveying one group of visitors at the end of their visit) and controlled comparisons (37.5%, n = 18) (e.g., outcomes for exhibit visitors compared with show visitors, where visitors were not randomly assigned to conditions) ( Table 4) .
The majority of the 48 studies were from zoo-only settings (62.5%, n = 30); aquarium-only settings accounted for 16.7% (n = 8) of the sample. Seven (14.6%) studies contained samples from a zoo and an aquarium, and 6.3% (n = 3) did not specify the setting. Most samples originated from countries with a majority English-speaking population (i.e., Australia, Canada, New Zealand, North America, United Kingdom) (Supporting Information). Twenty-seven (56.3%) studies reported participant response rates.
Simple inferential statistics (e.g., correlation, chi square, t test) were reported by most studies (91.7%, n = 44). Analysis of variance (ANOVA) and analysis of covariance (ANCOVA) models were the most commonly used techniques to examine 1 dependent variable with a single relation (50.0%, n = 24). Few studies used techniques to examine multiple dependent variables with a single relation (e.g., multivariate analysis of variance [MANOVA]; 4.2% n = 2) or multiple relations with both independent and dependent variables (e.g., structural equation modeling, 6.3%, n = 3). The structure of the data (i.e., relationships among subsets of the data) was investigated in 5 studies, and 17 studies included a quantitative technique to explore data (Table 5) . Less than half (43.8%, n = 21) of the studies reported effect sizes. Ten (20.8%) reported that measures were tested prior to data collection. Twelve (25.0%) studies validated data by utilizing 2 or more sources (e.g., surveys and in-depth interviews).
Quality of Qualitative and Quantitative Methods
There were 23 studies that included qualitative data. All of them explicitly described the methods used, and over half (60.9%; n = 14) reported the method of recording data (e.g., audio or video recording, written). Where transcription was applicable (e.g., audio recording or interviews), 3 of the 14 eligible articles (21.4%) detailed the transcription procedure. Eight studies (34.8%) reported how data verification was performed, and 16 (69.6%) discussed methods for identifying or extrapolating themes and concepts from the data. Fifteen studies (65.2%) treated qualitative data with a quantitative analysis (i.e., frequency of responses was used to interpret data or was used in statistical models, as opposed to exploring depth or nature of detail in response). We awarded 8 (16.7%) studies a moderate methodological quality (i.e., scored 1 weak rating across all criteria) and the remaining 40 (83.3%) a weak methodological quality (i.e., scored ࣙ2weak ratings). Based on
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Volume 33, No. 1, 2019 our scoring, no studies were awarded an overall strong methodological quality (i.e., no weak ratings across all criteria). The individual methodological design features we rated as most rigorous included selection bias (28 studies, 58.3%, rated as moderate or strong) and study design and data collection methods (27 studies, 56.3%, rated as moderate or strong for both these features).
We typically rated confounders, blinding, and withdrawal and dropouts as weak (Table 6 ).
Discussion
Study Characteristics
The most common type of intervention evaluated was an entire site or overall visit (24.5%). This approach presents a major challenge to determining the effect of such experiences because little information is gleaned about the specific influential aspects of the visit. By more frequently isolating variables of interest (i.e., specific interpretative medium, such as a presentation), the effect of an intervention-and in particular the active ingredients of the intervention-can be more accurately understood. Despite changes in visitor behavioral intention and action being a key motivation for many interventions, less than one-half the studies (47.9%) included a conservationrelated behavioral outcome measure. Assessing visitor engagement in conservation behaviors following an experience could increase accuracy of quantification of the lasting effect of zoos on public conservation behavior. Around one-half of keeper talks (just under one-fifth of all interventions) were standardized (i.e., used scripts). Evaluating a nonstandardized intervention makes it difficult to pinpoint components of the intervention that contributed to outcomes of interest. Ensuring that elements of a program are delivered consistently with the aid of materials (e.g., scripts) and staff training or briefing (about program messaging and key touch points) where feasible, could help overcome this challenge.
Below we summarize key methodological concerns, highlight some particularly exemplary work that addresses existing barriers, and provide recommendations for future research in Table 7 .
Construct Validity
Consistent with earlier statements about overreliance of self-reporting measures in zoo research (e.g., Jensen 2014), we identified that the conservation effect of zoos is most frequently assessed with surveys or questionnaires (77.1%) or interviews (29.2%). Such methods have limitations, including social desirability bias (respondent tendency to provide answers deemed more desirable by others) and consistency motif (respondent attempt to remain consistent in thoughts and feelings [Grimm 2010]) . Although overreliance of self-reporting measures is likely in response to the unique barriers of objectively measuring visitor outcomes, future research could be strengthened by supplementing self-reported data with intensive longitudinal methods (collection methods that require participants to provide systematic self-reporting at random occasions, such as a diary) to facilitate more in-depth analysis of psychological processes (Fraley & Hudson 2014) . We recommend that future researchers use validated measurement tools where possible and that the reliability of measurement tools be more frequently examined (e.g., item analysis) and reliability estimates be reported.
External Validity
Studies more often comprised zoo-only samples (62.5%) as opposed to aquarium-only samples (16.7%); some studies included both sample types (14.6%). Although zoos and aquariums are commonly considered one entity, demographic differences between zoo and aquarium visitors are evident (e.g., aquariums may attract more tourists and first-time visitors than zoos; aquarium visitors may be more likely to display motivations toward learning than zoo visitors [Mann et al. 2014] Bolger et al. (2003) for an overview of diary methods.
learning motivations are of particular importance when considering the perceived role of learning and discovery elements of a wildlife tourism experience (captive and noncaptive) among visitors because they are considered integral to their enjoyment of and engagement with the experience (Packer & Ballantyne 2004) . Developing a more comprehensive understanding of the similarities and differences between typical zoo and aquarium audiences could shape the type of initiatives delivered across sites (in terms of content and delivery method).
Although it is likely that the exclusion criterion of nonEnglish publications contributed to the limited studies with a non-Western country of origin, our results suggest that peer-reviewed research exploring the conservation effect of zoos is concentrated in Western countries. Given the widespread nature of biodiversity loss and range of cultural factors that underpin environmental attitudes and behaviors (e.g., beliefs [Schultz & Zelezny 1999] ), understanding how these factors influence the conservation effect of zoo education programs among non-Western samples is important and warrants further research. A final issue concerning external validity is the portion of studies (43.8%) that failed to report a response rate. Response rates are critical when evaluating the value of research findings because higher response rates increase confidence that the sample is representative of the broader population (e.g., Rogelberg & Stanton 2007) . Further, reporting response rates can help identify potential sources of bias (i.e., research with a large nonresponse rate may potentially represent only those more motivated to reply or those with a more extreme perspective). As such, it is critically important that future research report this information so as to indicate the extent to which results are generalizable to the broader zoo-visiting population.
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Internal Validity
In the sample of studies we reviewed, there was only one randomized controlled trial. This result likely reflects the inherent challenges in conducting randomized controlled trials at a zoo (e.g., high cost, difficulty in allocating paying visitors to a condition). This is problematic given the effect of visitor sociodemographic variables (e.g., age, gender, pet ownership, vegetarian status, prior visit [Driscoll 1992; Signal & Taylor 2007; Ross & Gillespie 2009] ) on their preexisting knowledge, attitudes, and interaction with the interpretive elements. Where feasible, adopting random allocation of visitors or participants to conditions will allow zoos to more accurately assess the level of impact particular intervention elements have on changes in visitor conservation-related psychosocial outcomes and to refine future conservation education initiatives based on this knowledge. One solution to facilitate random allocation might be to invite visitors upon zoo entry to be allocated randomly to a particular experience or condition in return for a small incentive (e.g., discount voucher for zoo shop or café purchases).
In cases wherein randomized controlled trials are impractical, cohort analytic designs, controlled comparisons, and time-series designs can serve as appropriate alternatives (in conjunction with analyses to explore differences in participant demographic) to facilitate scholarly knowledge about the effects of community interventions (Biglan et al. 2000) . The most frequent research design type (37.5% of studies) we found was the comparison of 2 visitor groups who experienced different educational content (e.g., an exhibit experience compared with an animal presentation experience) at 1 point in time (coded: controlled comparison). Including timeseries designs more frequently offers additional contributions to the field, given that 54.2% of studies we examined had only 1 data-collection time point. For instance, time series designs could offer much needed insights regarding the extent to which zoo conservation-education strategies translate into behavior change and for how long or to what extent such behavioral change persists. Consistent with Khalil and Ardoin (2011) , who have expressed concern about the lack of research investigating longer-term effects of zoos, we conclude that the direction of research in this field should focus on evaluating the sustained effects of zoo conservation-education interventions.
Statistical Conclusion Validity
Zoo conservation-education evaluation is an emerging field of enquiry in which there are few commonly agreed on or clearly defined measures. Thus, it is unsurprising that we identified, as a key problem with statisticalconclusion validity, a lack of studies that adopted data-analysis techniques with multiple relations or that examined the structure of data. These techniques (e.g., path analysis or structural-equation modeling) offer researchers the opportunity to explore complex models of causal effects (e.g., Hair et al. 2011; Kline 2011) and could be applied more frequently in future zoo conservationeducation evaluation research. This is particularly relevant given previous work emphasizing concerns that zoos are focusing on the immediate effects of their experiences on knowledge, attitude, and behavioral outcomes instead of exploring how these components interact with each other over time (e.g., Khalil & Ardoin 2011) .
In light of our finding that qualitative measures were utilized in only 50.0% of studies, future zoo research could also benefit from more frequently including measures of this type. Qualitative measures may unveil topical areas not initially considered and inform understanding of why (or why not) people engage in particular conservation behaviors. For example, including qualitative behavior measures in postexperience visitor surveys in time-series designs may yield explanations for why zoo visitors do or do not maintain the uptake of a behavior.
Effect-size estimates are important for empirical research because they indicate the practical significance of a result. In comparison with statistical significance (where statistical probabilities are used to reject or accept a null hypothesis), practical significance helps quantify how important or large study results are, regardless of sample size (e.g., Hojat & Xu 2004) . This is particularly relevant to applied research, which focuses on the practical application of science to real-world problems (e.g., biodiversity conservation). Yet only 43.8% of the studies in our review reported effect sizes. Increasing the frequency of reporting the magnitude of differences will advance zoo conservation-education experiences because they can be used to calculate sample size for future or follow-up analyses or to make comparisons between effects across studies (Lakens 2013) .
We also considered data triangulation and testing of measures. Only 25.0% of the studies validated data by utilizing 2 or more sources. Designing and conducting mixed-methods research in zoos can yield broader insight about the conservation effect of an intervention. How zoos triangulate research will largely depend on research aims, but combining different techniques (e.g., focus groups vs individual interviews) and techniques that suit a research setting (e.g., diaries vs. e-workshops for remote or indirect projects) are examples of how zoos could cross-verify research outcomes. There were a limited number (20.8%) of studies that reported testing measures prior to data collection. Pilot studies allow for pretesting of research instruments and can highlight problems with procedures and thereby facilitate a more robust study design (e.g., van Teijlingen & Hundley 2002) .
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Quality of Qualitative Methods
Generally, methods for recording data and methods for extrapolating data were appropriately reported. However, a minority of studies reported data-verification methods. Because qualitative research is highly influenced by experiences of each individual researcher, informing readers about how data were identified and validated will strengthen the reproducibility and stability of the data (Anderson 2010) . There was also a tendency within some studies to treat qualitative data with quantitative methods. This is problematic because such methods can contribute to a loss of the richness of the data. Although choosing which analytic approach to apply largely depends on the research question, analyzing text without coding or counting allows a more raw interpretation of the data (Bernard 1996) . For example, when considering knowledge, a qualitative approach could more accurately identify patterns or sequences in narrative accounts that explain why (or why not) conservation messaging translated into action, as well as more precisely discover visitor knowledge gaps concerning a conservation issue. Such information would be useful when developing messaging strategies for future campaigns (e.g., use of postvisit action resources such as take-home information sheets) (Ballantyne & Packer 2011 ).
Quality of Quantitative Methods
Overall, the studies included in this review were generally of weak methodological quality as determined by the EPHPPQAT (83.3%). The categories of section bias, study design, data collection method, and withdrawal and drop out held more robust methodological integrity. For example, individuals selected to participate in the studies had a moderate likelihood of being representative of the target population, and there was a moderate use of stronger study designs across samples. Based on our results we recommend future research control for demographic differences between groups, blind study participants to the research question (along with increased reporting of this information), and use more reliable and valid measurement instruments (together with reporting reliability and validity information).
Strengths and Limitations
To our knowledge, we are the first to review the methodological and reporting practices in evaluations of zoo conservation education. A key strength of our review was the rigorous systematic search protocol developed with input from researchers and an academic librarian to maximize the potential to capture all relevant literature. In addition, data collection, extraction, and quality rating were undertaken in duplicate by 2 independent researchers under blinded conditions. Nonetheless, there are limitations to our review. Although we endeavored to capture all relevant literature by using a systematic search strategy, eligible articles may have been missed. When rating methodological quality, poor or unclear reporting means that for many studies instances of blinding were recorded as unclear, which automatically eliminated the article from potentially receiving a strong global score. Further, when considering publication bias, it is possible that outcomes from our sample of peer-reviewed articles underrepresented the degree to which methodological limitations truly undermine the conclusions of research in this area. Over two-thirds of the literature we found had a Western country of origin, indicating a strong possibility of bias by cultural influences. We selected peer-reviewed journal articles because they represent research of relatively high quality. Examining grey literature may offer additional insight about the extent of methodological challenges. Finally, our assessment of qualitative measures was preliminary. Future reviews could exclusively and more extensively focus upon investigating the methodological quality of qualitative methods.
Our review offers a summary of the key methodological and reporting barriers facing zoo conservation-education evaluation research published before June 2016 and outlines recommendations to strengthen future research outcomes. Research in this growing area of enquiry can move forward by adopting multiple data-collection and analysis techniques and relying less on zoo-only and Western-only samples. More often measuring standardized educational experiences in isolation and addressing gaps in reporting of validity and reliability problems (e.g., testing measures, response rates, effect sizes) will further guide the progression of scholarly knowledge in this field. Research published since this review provide exemplars in overcoming some of the aforementioned challenges, including the use of mixed methods (i.e., questionnaires and interviews with qualitative and quantitative measures [e.g., Bueddefeld & Van Winkle 2017]), non-Western populations (Mann et al. 2018) , and control and treatment groups (Chalmin-Pui & Perkins 2017) . If zoos are to fulfill the conservation and education outcomes increasingly featured within their mission statements, it is imperative that they design and implement conservation education programs and that these programs be evaluated rigorously and the results disseminated widely.
Representative bodies (e.g., Zoo and Aquarium Association, World Association of Zoos and Aquariums) are well positioned to play a key role by uniting to develop a research and evaluation agenda for the field; providing training and support for zoo staff to more accurately evaluate conservation education programs; publishing zoo-specific guidelines for conducting evaluations to facilitate improvements in evaluation quality; establishing a research and evaluation repository and dissemination system for the global zoo community; and facilitating collaborations between industry and academia to bridge
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Volume 33, No. 1, 2019 knowledge gaps concerning rigorous scientific research methods. Through these processes, the potential for zoos to contribute to global conservation objectives, such as the Aichi biodiversity targets, can be realized.
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